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, LIPID MFWRPAWF SF>knP<: 
Backgrou nd of thP invention 
-L Field of the invpnt inn 

• 5 . This invention relates to novel membrane sensor, containing an 
, array ^f ; self assembling lip i(f molecules and to the . use of such 
sensors as biosensors. 

^ — OeserlnHnp of bfy r .utpri ?r ij : >; : 

10 i A" 0 ""?"" C0 "' Pr ' SeS ■ 3 "lologically :. sensitive materia, in 
10 int.mate ' contact -with a suitable " -'electronic device the 
transducer, which converts : a biochemical signal generated by the 
interaction between f the biologically sensitive materia, and the 
surrounding Huid / ledi th.-Y.i„t*. into ouanWiable or 
processable electronic or dptical *fnlformation. A wide variety of 
-sensitive materials have.been proposed for use in biosensors of 
».rous k ,„ds. Enzymes, antibodies, antigens, receptor proteins 

T t n r " ^ t,SSUeS ^ b »» "tested as being 

potentially useful. However in nrrw * 

. . , nuwever m order to incorporate thes° 

20 w" : V^u, 3 S6nSOr U "'-""^ to immobilise them in" 
20 way whuh w, „ allow them to interact with the analyte and 
generate a suitable signal. 

One Cass of biosensor is based on bilayer lipid membranes 

ect ' ^. 9enera ' r6V,e "' ^ T ' «t*l- "> "Molecular 

P..». New VorR U989) at pages 259-268. A sub-class of BLM 
biosensors mentioned therein is those which one face of the 
.'ayer is anchored to a support while the other is ,„ contact 

•virh a solution of analyf* ThP iin?H k;i • 

.. _ , y ' he llp,d flayer ls self-assembling, 

as the lipid molecu es emploved arrann a 

. ^ ««P«oyea arrange themselves perpendicularly 

to the support in the manner: 

SUPPORT: "Lipid: Lipid" 
wnere the symbol denotes the negative^ charged group, ec 

osphate or acetate. The „ p1d b1 ,ayer contains a small number 
of b.osensit.ve molecules. By way of iiiustration Prr 
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Application jPubll cation ^No. ^6f 89/0n59 (CSIRO) disc loses BLMs 
containing a reagent ; P royiding \n tion-channel , e^/. the peptide 
gramicidin. -The FAb fragment of a bivalent monoclonaPanti body 
to human chorionic gonadotropin (hCG) is present in the aqueous 
solution.,. The. antibody blocks the ion-channel, but the block is 
partially , released when , hCG analyte. is introduced Into the 
aqueous solution, as demonstrated by a change in impedance In 
these BLMs, the : first layer is of dodecanethiol, the second an 
acetate lipid or phospholipid and support is a palladium-coated 
glass electrode: The" thiol group provides bonding * to the 
palladium surface. PCT Application .Publication No. WO 90/02327 
(Australian Membrane and Biotechnology Research Insitute) relates 
to detailed modifications -of Wearier work, it mentions that 
if the lipid is directly coating' a metal surface such as 
palladium,. 1t would be necessary to substitute a third residue 
for the phospholipid head group. 

European Patent Application Publication EP-441 120 A (Yeda) 
points out the desirability of providing a water layer between 
the support and the BLM, by joining the phospholipid to the 
support by hydrophilic spacer arms. For example, tn = 
Phospholipid. with the spacer may be of formula (1): 



PE-NH-(CH 2 CH 2 0) n -CH 2 CH 2 SH 



(1) 



wnere PE represents a phosphatidylethanolamine residue and tho 
number (n) of oxyethylene groups is from 7 to 25. The thiol" 
group bonds the phospholipid to the support. This mode of 
attachment allows the use of mixed lipids in the composition of 
the lipid layers, where the minor component consists of the 
Phospholipid with the spacer that is used for attachment to the 
support, while the bulk of the phospholipids define tho bilay^r 
structure (page 4 lines 34-36. Figure 2). In other words tho 
b' layer is attached to a recording electrode by a few bridging" 
anchoring molecules, leaving a gap between the lower face of tho 
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the ! q ^i " ed ^: fTh^JBLMs are doped wl th> Ion Channel s" which 
a ^? no Jp* ; closed- Jbut 'ire; opened in Ihe'f presence of an 
effector, molecule:- Thus- the BLMs may contain an Acetyl choline 
receptor, which : is. alleged to give an .Increase in conductivity 
when. acetyl choline, Js added, as analyte, -/to' the medium 
surround 1 "9; the^uppen.suryacejof, the^bilayer. % ^ 

H. ; Ung £i Val-^ : have J presented a poster at the 5th 
International Conference ., on . .Langmuir-Blodgett Films Paris 
26-30th August 1 991 which describes BLMs in which the first layer 
is anchored to a ' gold Vlectrdde 'support by : phospholipid molecules 
having a|d1sul P hide termVnation| They may be represented by th- 
general formula: '< 

• "• ' ' OH ' ■ : f ' : 
R'-0-P=6 ■"■ 



OH 



(2) 



(0 - CH 2 CH 2 ) n - S . 



0-P-O-R' 
I 

S - (CH 2 CH 2 - 0>„ - 



wherein R. r5presents the dlaw)||lyctro res)(Jue of 

PosptoHpid DPPA :<>.2-dimy r lstoy,-sn- g ,ycero-3- P hosphatid,c 
acid) and n is 1, 2 or 3. The second layer of the BLM is of DMPC 
or popc ('-Palnitoyl^-oUoyl-sn-g^cero-a-phosphocholine). 
According to the poster, the thioHpid membranes, coup!ed to gold 
surfaces, show excellent long-term stability and offer an Idea! 
matrix for incorporating membrane proteins. 
Summary r, f the, in,..H., 

It has now been found that the membranes suggested in ^ 
poster mentioned above do not function proper.y as sensors The 
Problem has been identified as excessive rigidity ,„ the first 
layer and solved by introducing phospholipid <not containing any 
9rou PS for binding it to the support) into the first laver .,„ I 
re.ativeiy small proportion. It win be seen, therefore.' that 
..his invention provides the very converse structure of what i< 
jested in th, yeda patent specification. ,„ this inventio / 
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the fi I& layer 15 a thiolipid layer in which a ?phfs^h^Vp1d 
moleculegare: present,; e.g. say : 5-25 X^ec*!^ 
In the.Yeda reference, the first layer is a phb^phol i^itJ *andhbred 
by a very Tew thiollpid. molecules. Since u ha$ also , been fQ[}nd 
desirable>;to - use the disulfide anchoring molecules fas* in Hhe 
, poster v^ e invention differs from the Yeda referenced n^his 
respect also. Thiols, such as used by Yeda, do not provide such 
a s table % . anchorage. .. ; , ] . 

: Acco |^ ng , to the ^vention there is provided a BLM sensor 
comprising- (l) a gold recording surface. (2) a first^Vpid Stynr 
which is^n -imperfect , layer of a thiol ipid which" composes ?the 
residue of two phospholipid molecules linked to each' erid W a 
disulphide^ T-S-S-) group. each through " J an : Methylene 
(_0-CH 2 -CH 2 ) chain which is short enough to al low" the* thiol ipid 
to become anchored to the gold surface by self-assemblyV but long 
enough to trap an aqueous layer between the gold surface "and 'the 
bottom of the thiollpid layer, said thiollpid being attached to 
the gold surface and said imperfect layer being completed by a 
Phospholipid which provides an unattached fluid phase at room 
temperature, and (3) a s=cond lipid layer of phospholipid. 
Preferably the thiollpid is of formulae: 
OH 



Rl -°- P =° 0=P-0-R2 

' I 
<0 - CH 2 CH 2 ) n - S - S - (CH 2 CH 2 - 0 > n 



OH 

<3> 



wherein m and n are from 1 to 5 and and R 2 are the residues of 
Phospholipid molecules. Desirably m and n are the same and Rl and 
30 R^ are the same. 

Preferably the phospholipid of the first layer comprises 
either a s,ingle component or a mixture of synthetic or natural 
Phospholipids above the so-called ordered fluid-lipid phase 
transition temperature, to provide a fluid lipid layer 
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, The sens6r "^.normally contain a ligand ; capable of 'flSdl'nV 
| ? |;|with the analyte; especially a natural receptor : prote in? capable 
— - of binding with an agonist to the receptor. v : 

The invention includes, a device comprising a sensor as 
-defined above in the form of a cell containing an -aqueous medium 
^ above the second .lipid layer and means for detecting a change in 
a property of the lipid bilayer when an analyte (the substance to 
jff^be detected or measured) which binds to the ligand is added to- 
;||,the cell. Preferably the aqueous medium is an electrolyte- and 
10 -the property in which a change is detected is electric res island 
^ .or ; capacitance which can be calculated from faradai c or. . 
|| .: .capacitive current, respectively). ' 2 : i 

^"^Brief dP^rrl-ntlnn^ orthp-'rirawIng ' • I ."^ i:| J 

The Figure IHuWates schematically a BLM sensor of" the* 
invention (In- pseudo-vertical section cut away centrally to show 
an ion channel in pseudo-perspective view). 
Description of the nrpfprrod embnriimsn+r 

Referring -to -"the drawing, the BLM sensor comprises a gold 
surface 1, which may be an electrode, in contact with a first 
lipid layer indicated generally at 2, which is overlaid by a 
> second lipid layer indicated generally at 3. A receptor protein 
introduced Into the sensor is indicated by 4. 

The thiolipid molecules 5 are shown as bonded to the gold 
surface by a broken disulfide bond, but this should be regarded 
25 as schematic and non-definitive: the disulfide bond may in fact 
be intact. In the phospholipids 6. oxygen atoms are illustrated 
as solid (filled) ovals, while other groups are shown by largp 
circles as indicated. The N-atoms are those of the choline 
residues. Water molecules are represented by hatched ovals 7 
30 Conveniently the phospholipids are the same in the two layers 
since the layers can then be formed by simply washing out the " 
th,oHpid layer-forming components before complete reaction with 
the gold surface has taken place and then adding a phospholipid 

The added phospholipid "completes" the imperfect first layer and 
3, . fon -- rhe second layer thersoveri . n th? 3ame ^ c ^ ^ 
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j r Hcalculated that 5-25* omhe^gold surface ^Sai riMncollia 
",. i the ; 1m P erfect thiol ipid monolayer >ormed"i n" the' first *step*? 1 

is beneficial, because i f i s * necessar/ to' al lowShe receptor 

protein (or enzyme or other ligand) to penetrate the lipid 
5 bi layer fully and thereby reach the hydrophilic environment just 

above the gold support. This aspect is discussed below more 

ful ly . 

: The phospholipids can be £ natural or ^fsynthef ic^ bit ^ are' 
conveniently selected from the phosphatidylchol ine^ type derived 
- from" the natural lipids and mixtures: thereof^ fh^f compounds' 
are J .2-dipalmitoyl , 1 ,2-dimyri stoyl and 1-palmi ibyiJ2-oleyi-sn- ■: 
• glycero-3-phosphocholines. . in the . laevorotatory ; £ , < L -) 
configuration, normally abbreviated to ' DPPC 7?DMPc" ^ndHoPC 
DPPC has a lipid phase transi tion temperature" of * 4&C$ Wpc*25°C " 
P0PC : °° C - (These temperatures apply to lipid dispersions in-V 
water. When the lipid is present as a layer on a' Surface* they 
are a little higher). For working at normal room temperatures 
of. say. 15-23°c, an approximately 1:1 molar mixture of DMPC and 
POPC is appropriate in the first layer to impart the desired 
fluidity to it. The proportions can be adjusted from this ratio 
to suit particular circumstances, e.g. in the range 0.5:1 to 
1:1.5. preferably 0.3:1 to 1:1.2. Because of its high transition 
temperature, DPPC can be used only in mixtures which include POPC 
and then only in small proportions. 

The thiol ipid of formula (3) has been designed to anchor the 
long hydrocarbon-chain groups of the phospholipid at just the 
right distance from the gold support to allow formation of a 
hydrophilic layer of trapped water between the support and these 
groups, without excessive loss of rigidity of the layer Th* 
number (n) of oxyethylene groups has been defined accordingly 
The inventors have shown that a long-chain polyoxyethy 1 ene group ' 
in which n=12 does not yield a thiolipid layer. There is a 
failure of the self-assembly in which the thiolipid molecule 
binds to and orders itself with respect to the gold surfac* 
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I-Pi III H# la : ??> s the' and R 2 groups ^Wy* 

^ feP h ? s Phatidic;acid derivative residues, especial lytoAlhe^ster of-- 
two molecules of long-chain fatty acid with f'^fe'cule of 
v glycerol. : The long-chain fatty acid can be saturated as in 
-5 palmitic :or myristic or unsaturated as in oleic acid Preferably 
** ^^-fit^iacids have from 14-22 carbon atoms. There tis 'no reason 
of principle why the disulfide should be symmetrical. That is, 
f. v the R , and R2 groups and values of m and n could each be the same 

,Hi° r ^|£ e ^. bUt *. aS a P ractical matter of manufacturing .them. 
10 • they ~ar'e 'preferably the same. * >s ; 

l: iW^i Preparation of the sensors, simple self-assembly takes 
^^ Pl "'i: ii 6 901 d Support is contacted with a bsolution or 
• :l4 SUS |^° n |Vi e - 9 - ' a /^tergent solution or aqueous " vesicle ' 
- — suspension* of the thiolipid. the thiolipid is reeved before a 
15 ^complete ||)ayer is formed and the phospholipid added. As 
■ explamed 'above, conveniently this is done in a single step to 
complete the first layer and to form a bi layer, although there is 
no reason of principle why a very carefully controlled amount of 
a first phospholipid could not be added to complete the first 
20 layer and a less carefully controlled amount of a second 
pnospholipld added to form the greater part (in theory, all) of 
the second layer. 

The ligand is preferably added along with the sole or first 
phospholipid. 

25 The sensor is preferably constructed in the form of a cell 

(small compartment) for retention of an aqueous medium above the 
second layer. The analyte to be detected is introduced into the 
aqueous medium. 

The ratio of thiolipid to phospholipid in the first layer is 
30 variable by changing the time at which the phospholipid is added 
typically so as to give a capacitive current of 300-1000 nA 
and/or a faradaic current of 100-400 nA in the first lavar 
(before the addition of phospholipid). 
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, ■ T " e i!,iors .^ this, .invention .f^ Wticular application 

surroundtn, «ed1««. Binding of a, particular ligand t0 the 
-5 .receptor induces a structural change inlthe-receptor which can be 
.. ,« s detected by electrical^ optica, mans :e1tl>tr d)reet)y or - 
.coup, ng t an artificial or biological ..signal amplification 
,*,t reaction. Smtab.e a.pl if, cation reactions include the Nation' 

; Ipof T™** C " Uin ^Wteinl and the induction 

!° .I'™*™*' rCa " i0nS Which "«™ "«ggered" '■„, the selective 
; , : nd,„g of the ligand to the receptor?" Examples- 0 f the first 

:i > t ^ °, f a r ifi " i tton ^«tion r are ^and- jf nd voltage-gated ion 
^ channels such as provided by acetyl choline^ GABA, glycine 's-Hi; 

• ,5 E rec r rs f and sodium - p < Aa " ,u * ' 

rote n ,7 ^ 0 ^«tion are- the G 

cho ' , 1 re " Pt0rS Udrene5ic - **»1"1c. muscarinic, 

uc si Ser ° t0r,ner9ic -«Ptors> : „on peptide ligand 

doth • ^' substance P, neuromedin, angiotensin 

20 re " Pt0rS ^ f ° r "•'«-'»«."<■. rhodopsin an 

^0 sensory receptors such as t* = olf'-to-v r=- „ 

„..,, °"~iory receptors. Tnss= and 

other receptors are known in the art and =,„ • , 
51 „ . . ■ e arr a "d are reviewed by A.D 

. Strosberg ,n Eur. J. Biochem mi. 1-10 (199,) 

fbJJ- '"7"* ,nV8ntiCn f ' ndS PartiCUUr «PP"«t.on in the 
formt.cn of biosensors which incorporate membrane protei 
« receptors which cross the Hpid ,ayer of natural membranes o 
or several times and thereby extend outside the lipid bilaye 
Tese membrane proteins may be composed of a single polypeptide 

e r erai sub - unit po,wept,de — ^tt : 

membrane prote.n complex might be composed of identical 
30 (homool isomeric) or of different (het „ r „„,, . ,oent,ca ' 
Th= u "erenc (neterool 1 gomeri c) subunits 

e membranes of the sensors of this invention are advantage 

y-.o, water between the solid surface and the lipid part of 

35 V7; '7'-'. *" h * ->> -,ra, Angstroms 

-■S. . -o ,0 Angstroms, thick. The mct thickness of the water 
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r-ri; 1 ^^.^!. 5 with the composition of the first layer}, This layer 
:i.;j;. en |bles preceptor proteins which' extend' beyond ^thef. membrane to 
'adopt a configuration which more closely conforms to that found 
in nature and enables them to. respond to the binding of a ligand 
- 5... in. a correspondingly natural fashion. 

. J :l ,A : particularly preferred . sensor- Is one which . incorporates 
,. the - 5_HT 3 /serotonin) receptor protein. The 5-HT 3 receptor is 
I known to h ..form ligand gated -ion-channels. Certain ligands 
Spec jf! ca !^, 5-hydroxytryptamine (serotonin), and 1-phenyl- 
10 biguanideare known to act as 1 agonists for thi s '"receptor , i.e. 
i , they Induce the opening of a channel in the protein .^hich allows 
ions to flow across the membrane. Certain, drugs are also known 
which Tact "as antagonists to this receptor T U. they" change the 
■. b ^ structure of the protein to a closed state. These *5-HT 3 receptor 
•15 .antagonists are of pharmacological importance. The biosensors of 
this invention are therefore useful in the evaluation of the 
activity of pharmacological agents as agonists or antagonists for 
a biosensltive receptor protein such as 5-HT 3 . 

The sensors of this invention find use in a variety of 
20 sensing devices, especially those wherein the sensor is in 
intimate contact with a transducer such that changes in the 
electrical resistance and capacitance of the electrode upon which 
the bilayer is mounted can be monitored. Such biosensing 
devices, in the form of a cell containing an aqueous medium above 
25 the second lipid layer and means for detecting a change in a 
property of the bilayer when an analyte is added to the cell 
form a further aspect of the invention. Other devices within the 
invention depend on other sensing techniques such as piezo- 
electric measurements or surface plasmon resonance, to monitor 
30 the changes in the conformation of the biosensitive molecule, and 
the detection means is varied correspondingly. 
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vH: The invention .illustrated by the following Examples • 
. '1 EXAMPLF 1 ? ! ' ? " ' : -- J ^ - 

Synthesis Of bi s TR-hydroxv-V fi-H i OX anrtvl Li f i Hp 

3g (18 mnsol) of., 1-mercaptotrlsthylene ..glycol .prepared from 
5. triethylene glycol monochlorohydrln, sodium hydrogen sulfide 
. monohydrate and hydrochloric add) was idls'solved in 100 ml of 
methanol and mixed with a solution of potassium carbonate (1.3 g. 
' 9 ' 5 mmo1 in 50 ml °f water). 2^ g (9 mmol ) '*of Modine in 100 ml 
of methanol was added dropwise at .; foom ^ temperature . thus 
10' - precipitating potassium iodide. 4 If a Vemf infmf yel low colour ^as 
t observed, .a small amount of sodium., sulfite :was * added unti 1 
decolouration. After evaporating to ^dryness, the, residue -was 
; suspended in 30 ml 'of: methylene chlor^^nd"the%otassi urn" iodide" 
; removed by filtration after cooling. ThY Vesting 'sol utioV was 
la purified over a 5 cm silica gel column,- using fCH 2 Cl 2 /Me0H (100:5) 
as eluant. Afterwards, it was dried under vacuum for some hours 
yielding 2.2g (74X) of a nearly colourless oil . 
VNMR (CDCI3): 5=2.88 <t,j=6.6H2,6H,-0H,-(:H 2 -S);3.55-3.58 

(m,4H,-CH 2 -CH 2 -0H); 

3.6-3.75 [m , 1 6H ;-0-CH 2 -CH 2 -0-(6=3 . 63 , ) ; 
CH 2 -CH 2 -S(S=3.72,t,j=6.6Hz);CH 2 -OH]. 

■(11) Svnth $S 1s of his[8-(l,2-din.lmitn v1 - g n- l 1v . ero _,_ nhn , nhorx/n 
3,6-dipxaortvl1disnlfid8 m onohvrtrat e of fnr-„i a ( ?) whpr p in p 
represents thP residue o f thP nhos nholiniH np Pf n . ? _ ri1nitlB m™i. 
sn-olvrprn-^-phn^pha tidir ariri) and n„7 

lOOmg (144 pmol ) of well dried 1 ,2-dipalmi toyl -sn-alycero-3- 
Phosphatidlc acid disodium salt (Fluka) and 78 mg (288 P raol) 
of 2.4.6-trMsopropylbenzenesulfonyl chloride were suspended 
in 5 ml of anhydrous pyridine, with ul trasoni cation . It was 
warmed briefly until a clear solution was obtained and then 
stirred for 15 minutes. 1 9 mg (57pmol) of bi s(8-hvdroxy-3 . 6- 
dioxaoctyl) disulfide was dissolved in 1 ml of anhydrous pyridine 
and added to the solution prepared above. The mixture was 
stirred overnight at room te-ptrature. with exclusion of 
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•' — ;;; w'^t^tflfc ^ - • ::$■:■•' ^K;jf* 

;pC m ° iStUre - "ext. 1 ml of ; anhydrous ^{hylerie ^chloride wf^dd^^ 
4;t The mixture;: was warmed bri ef jKindrftiVri^^ntinued foV^notiVerfe 

hour. 1 ml 0 f water was added and^after 15 minutest it ^as 

again warmed briefly and finally ^evaporated to dryness under 
,5 reduced pressure. The obtained yellowish residue was suspended 

m 20 ml of anhydrous diethyl ^ether * (ultrasoni cation^ and" 

f i 1 tered. 

f : The filtrate was evaporated and Column-purified on silica 

p h gel (30 cm x 1 cm). The column . was; first washed with 100 ml of 
-10 chloroform; the product then' being^luated using a gradient of " 
CHOI 3 /Me0H ..(from 100:3) to , (ip0:4).| To. eliminate traces of ^ 

;W"- ,,Ca 961 tHe Pr ° duCt Was once more . in ,.20m1 . of 

- k • diethyl ether and "fi 1 tered. " '"'C~t' ' " " ' 'j " 

Rec ^talli2ation was performed* bj ; dissolution" in ^1 ml of"" 
|5 chloroform and the subsequent addition of 10 ml of acetone 
After 5 hours at -15*0, the white precipitate was isolated by 
filtration and dried under vacuum, yielding 63 mg (691, based on 
the disulfide) of a colourless solid.' 

20 Anal, calculated for C 82 H 16O O 20 S 2 P 2 xH 2 O: 

C 61.16 H 10.14 S 3.98 P 3.85 
found: - 61.12 10.03 3.88 3*75 

^^(00013:00300/2:!): 5-O.88 (t, j =6.5Hz,12H.- C H 3 );1.27Cm,96H > - 
25 CH 2 (C 4-Cl 5 >3;1.61[b,8H,-CH 2 (C 3 >];2.28-2.36 

Cm,8H,-CH 2 (C 2 )];2.94(t,j=6.3H2,4H,-CH 2 -S); 
3.67, (b.l2H,C-0-CH 2 -CH 2 -0-C): 3.76 - 
<t,j-6.3Hz.4H t S-CH 2 -CH 2 -); 3.99-4.03 

(m,8H,P0-CH 2 -);4.l4-4.44( f n,4H,-CH 2 -0-C0-); 
5.23(b,2H,>CH). 

30 H-NMR<CDC1 3 ) : 6=2 . 97 < b , 8H , S-CH 2 , P-0H , H 2 0) 

Thin layer of chromatography on silica gel: 
Rf 0.63 (CHCl 3 :Me0H:H 2 0/65.25:4) 
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5 J. :; ^loglusly ^Ifff )|: W |co>re^o|ln^co m pounds of 

formula. (2) in which R^iYHhe Residue of DP>cW n=l or 2 were 
. prepared, using bi s<2-hydroxethyl >di sulfide ; and bi s<5-hydroxy-3- 
5 oxapentyl) disulfide in; place of bis <8-hydroxy-3;6-dioxaoctyl >- 

B1s[2-(l,2-dipal m itoyl-sn-glycerc)-3^^ 
* monohydrate <R= the DPPAlresidue. n-D'was obtained in a 57% yield 

after recrystal li sation. 



15 



25 



Anal , calculated for X 74 ^i|) 16 S2P ? xH20:, ^ : , . # ; : 

C 61.98 £ H'lO^lef S%47 P?4.3'| :iife " 
found ; f • 60.65 ' ' 9.50"% 4^07 ^4.23 ''f 



ev.. 



The NMR in CDCI3 : . CD3OD/2: l " was similar W that of the n«3 
compound except that the bands at 2.94 and 3.76 were shifted 
to 3.02 and 4.00 respectively and no separate bands at 3.67 
and 3.99-4.03 were observed, the band at '4.17-4?45 being ascribed 
20 t0 3 12H nmltlplet PO-CH 2 -CH< and -CH 2 -0-C0-. 
Bi s [5-< 1 , 2-d i pal mi toy l-sn-glycero-3-phosphory 1 ) 
-3-oxapentyl3disulfide monohydrate <R= the OPPA residue n=2> was 
obtained in a 72* yield after recrystall i sation 



Anal, calculated for C 78 H 152 0 18 S 2 P 2 xH 2 0: 

C 61.55 H 10.20 S 4.21 p 4 . 0 7 

found 60.18 9.44 4.07 4 . 05 

The NMR in CDCI3 : CD 3 OD/2:l was similar to that of the n=3 
compound except that the band at 3.67 was replaced' by one at 3 63 
ascribed to 4H, P0-CH 2 -CH 2 . 
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recentn r from r'j> 1 f br a 1 n • 

Calf entorhinal cortex and hippocampus were isolated^, from i » 
freshly-dissected calf brains within two hours. All procedures J * 
were performed at ^unless otherwise stated. First, the. tissue ; « 
from three brains (approximately 50g> was cut into small pieces 
minced for one minute In; 400 ml of complex buffer solution »A» 
containing 20 mM HEPES, 130 mM KC1 , 0.5 mM MgCl, 



10 1 mM CaCK * 0.5 



mM EDTA, 1 mM DTT, 0.1 mM PMSF, 



pH 



7.4 and 



30 



homogenized , in.a^lass-PTFE-homogenizer. , Then, the homogen^telf 
was centrifuged at SOOOOg for 10 minutes to separate the : membrane f? 
fraCtl0P fr ° m the soluble com P ounds : of^hecell. The^ super nSa'nt ^ 
'was discarded and * the pellet again dissolved in the lO^d "? 
volume of buffer. It was once more homogenized and centrifuged V « 
as described above. The resulting pellet was dissolved in a 
small amount of complex buffer A containing 8* sucrose and stored 
at -50°C until further use. 1 F > 

The thawed membranes were centrifuged (50000g) for 20 minutes 
to isolate them from the solution containing the sucrose. To 
lyse still-intact cells, the pellet was suspended in a 5-fold 
volume of 50 mM HEPF^ n w i a ^ J . 

™ - • ultrasol1 'cated and stirred 

tor 30 minutes. After centrifuaatinn u 

. ".entrjrugation of the suspension <50000g, 

4C. 20 .,».), the resulting pellet was solubilized in 
appro*,mate,y 50 m, of solution, a solution of 40 m H . with 
st,rr,n,. After about 1 hour, the almost-clear solution was 
r.fuged at lOOOOOg for z hours to pellet me.brane fragments 

of o Z ^ S0,Uti0 " th5n ,Mded at * "<* "t. 

(Sil M„r t0 " S - h " ,ro »l'^Pt»'"»«-HT,. agarose colu.n 
<S,gma H-7136. column dimensions 2.5x0.9 cm) which had been 
equ,l,brated with the OPG/complex buffer solution. The column 
was washed with a 5-fold colu.n volume of the same solution (at a 

Anally, the bound 5-HT 3 receptor was eluted. using aoproxlmately 
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f^fe fig; ^ ■ "■ , ■_ i4 _, . ,, ,.r V . 

i : l-Bl^ 0 ?H 00 .^.^-"jil^^OPG/complex. buffer solution^ ^ 
the^excess of and to reduce the" sam P V vol ume\ W 

- -solution .was concentrated by ultrafiltration (Ami con cell 3 
Y ^U),membran^) to a final protein concentration of approximately 

.5 lmg/ml and stored at -50°C. 

• ( ^Ctiv1tY of thP iWt Prt 5 IITo recentnr ^ 
(serotonin) and anta goni sts (TC S 

f -v ^ ivit * of th> , 5 -HT 3 receptor to bind tritium-labeled 

ICS, 205-930 was determined as follows. 1 ^ samples of the 
receptor^olutlon, containing 1 u g receptor Votein, were mixed" 
■■< ^^^t^rent amounts; ; ^f a. 44.5 nM aqueous, solution, of the - 

radio-labeled ICS 205-930; (6.12 M Ci/ml, Sandoz AG, Basel) and 
^ :^.:?P ; t?:;500 H l withf th^ complex buffer." After^ an incubation " 

- ■ of .1.5 hours, 100 M l ;6f polyethylene glycol W was added if 
15 order to ; precipitatei the r «eptor. After centrifugation 

(10 min... 7000g). the supernatant was separated from the pellet 
The samples were mi xed ■ wi th 4 ml liquid scintillation cocktail 
(SIGNA-FLU0R - Trade Mark)^and the radioactivity measured using a 
liquid scintillation counter (Beckman Instruments) 
20 The isolated protein shows binding activity to agonists and 

antagonists of. the 5-HT 3 receptor. 

EXAMPLF s 

„ pr ™T 1on ° f * Miavpr iipid — - *~ - 

20 - ^th^thg invention, for rnnmantivo p .,^. r . 

ThiolipL^ dlssollLTn an^queous* d^glt^l uTio^such 
as octylgiucopyranoside, can spontaneously adsorb to bare gold 
surfaces, assembling to a single lipid bilayer supported by 
>0 covalent bonds to the gold surface. The formation of this lipid 
layer was observed by measuring the concomitant changes of the 
electrode's electrical impedance and capacitance in an 
electrochemical cell using a standard lock-in amplifier technique 
The working electrode of the electrochemical cell consisted 
> or a 200 nra thlch gold layer with a circular area of 1 m.2 on 
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Jf ??fS a I?*' 1 ™ ^^^..^yer which wer^.suc^^si vel||va|S# f* 

I -deposited on/fthe bare: silicon surfaced a l^cAJ^trSgfiP £ 
photon thographi cally produced in the * 800 nm thick ^silicSn ^ 
dioxide surface layer of a silicon wafer .. ( conduct! vi ty . , 
5 .3-5 12 cm). On the back side of the silicon wafer a 10 nm thick .« 
; -.Cr ..layer:- and ;a 200 :; nm .thick Au layer were, success iW 
vapour-deposited to afford an electrical contact to the silfiM 
. . ....electrodes. ... w . . . ,. - . . L . ... 



Bare gold surfaces were prepared immersing the whole • sampler. .' 
10 for one- -minute in admixture of Ig of potassium VichrolSf^ ^ 
: y 4 P K iss - n^PV^ pOO ml of 981 sulfuric acid (DAB.tMeY^Ui 
at 100°C. Next, the sample was washed abundantly with deionllfcT' U' 
~- water. - This "procedure was performed twVce* before placing *fB3£ H 
electrode into the electrochemical cell. ; v : ' / Wl? tl 

15 In1t1ally..:50 jil of an aqueous 0.1 M KC1 solution was adled' 

to the cel l in order "to measure the electrical properties of" the^ 
bare gold electrode. The currents measured by a standard lock^iV 
amplifier technique (average values from 12 i ndependfnt* 
experiments) are: 

20 

capacitive current I cap = 3400-±70nA (±2%) 
faradaic current I farad = 4 520 ± 180 nA (±4X) 

Then, 0.5 ml of a solution of the thiol i pi d/octy l-|3-D-gl uco- 
25 pyranoside (0GP) (0.7 mM thiolipid and 48 mM 0GP in 0 1 M KC1 ) 
was added to the 50^1 0.1MKC1 solution in the cell The 
thiolipids of Examples 1-3 were each used in this example. The 
adsorption of the thiolipid to the gold electrode was determined 
by applying an alternating voltage of ± 17.5mV between the 
30 working and the Ag/AgCl reference electrode and measuring 
" c °ntinuously the faradaic and. capacitive current with the lock-in 
amplifier. The capacitance of th* thiolioid layers formed 
after^lO minutes adsorption time range was between 1 and 1.5 
pF/cm-. If the lipid layers are washed by pure 0.1 M KC1 after 
72 ho:-:, to remove the d-- 1 :-rc-;.:.t , their corresponding 
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m fff§: t*?f ? Itt^ hm- ^ ? * , . ... y& 



7 '- )6 - ^ ^ W|i?fJ 



J* 



f -TiH- capacitance fsi 6.5.' 016 and 0 7 uF/r m 2 =„h , u . SM#Ii 

^Wrif K-sVeimd i a v~ -'j, ' r -. rh . 1 „„ „. on ^^^S a 
first layer of thlnlinirf 

Treatment ,o>. ? the menbrane prepared In (!) above with the'; 
phospholipid DPPC,' DHPC or POPC yields a bilayer membrane. i &&. 
The^obtained capacitance values of the mixed, gold-support 
*al*3'«r,s^co-6r1.,1„ g a first, completed thiol ipid layer ', 
attached ^the^gold electrode and a second phospholipid layer on . 
top> wMch^refllsted in Table l.are In total agreement wiih" 
HiV ^^ °t^?|^!?V?^"PPPrted lipid bllayers which are- founds 

nSfiP-,? ?- 7 - 0 ' 8 . ■■ ^r ..example: 4 

|iw"-. J - M ^*»e '-Biology £2 293-3K Cl97i>. • 
' ' " d Wf"°nstrate the existence of a single, supported 

> 5 'I?'* b 'l^r..w,th similar electrical properties as ,n the case 
of the conventional, unsupported phospholipid membranes. 

EXAMP1 F f. ; ■ * Vi ■ - ■■>.•' 

Pro ration of QiWr lipid »k ia nLan ior of th. „»„ 

_ A gold electrode was cleaned, inserted in the e.ectrochemical . 

0 7^,T u „V 2 ^""^"ylglucopyranoside 

<0.7 mM ,n 0.1 H (CCD as described above (Example 5). The 

capacitance and Impedance of the electrode was continuously 

1 It V '° Ck " 1n After about 2 -3 minute! 

adsorption time, when the capacity current reached a value of 
bout 200 nA. the thiolipid solution was completely removed and 
sample. st„, connected to the cell, was washed several times 
detergent solutions. C55 « 0GP in 0 ... H KC,». until a 
st.ol. value was obtained. These values were in the range 
of 300-1000 nA for the capacity current and ,00-400 nA for t 
faradaic current. After finishing the washing process all but 
about 50,1 of the solution was re TO ved. This „„. U po i 
«.o measure continuously. 
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: ,, iFilS' 1 If % f ?P ho ^P^ P Wocty 1 gl ucopyran^s 1 iffiS 
< 4 -O^PC.54^> pMPC or 3 ; 9 ^ POPC, together %\ tlfcfj?? 
ln 0.1 M KCD 'was placed in the 'cell' anrt Hn.^itJfcsfj **iv* 



The final stable mixed bilayers on the gold electrode? show 5 
capacitance . values of 0.8 (±10%) pF/cm 2 for both the f POPC :^nd . 
DHPC phospholipids The resistance values are in the 'range 
of 0.5-1 MQ per 1 mm 2 electrode. 

The mixed lipid bi layers, consisting of a mixed monolayer of 
th 10 li P ids and phospholipids on the gold electrode and a second 
Phospholipid monolayer, show very similar capacitance and 
resistance values to the mixed bilayers in Table 1. However the 
mixed bilayers of this latter type, with a mixed first layer are 
necessary for the incorporation of transmembrane protein For 
instance in the case of the 5-HT 3 receptor, no receptor could be 
incorporated in the types of membranes of Example 5 and Table 1 . 

EXAHPI F 7 

H> incorporation of t h- ' HT ^eceotor mtr, n..-,. ,. r ., 

membranp<; on gold electrodes 

A 1 mm 2 gold electrode was cleaned and inserted into the 
electrochemical cell as described in Example 5. First 100 pi of 
the thiolipid/OPG solution (0.7 mM/48 mM in 0.1 M KC1) was added 
*nd the adsorption process followed as described' in Examples 
After approximately 2 minutes, the solution was completely 
replaced. The sanple was washed several times with 55 mM 0GP 
1 n 0.1 M KCi . 



30 



0. 1 M KCI ) 'Was placed in the cell and diluted "stepwite fit? 
0.1 MKC1... Initially, 50 P l volumes were added, then lOOVyl and 
5 finally ,500 M l portions. The solution was completely re^l&edfb? 
0- 1 M KCJ^after^no further decrease of the current response" could' 
be observed by;dilution. The whole bilayer formation (whlch'waV "'■ 
performed; many|t1mes on different ;sampl es ) took betwetf lo ft nV 
30 minutes^. The final currents measured were: 

10 ' • ■ ' . . .... 

/ ^arad ^ 2^2 v ± ,8.6;,. 21.5 * 8.1 and 22.7 * 4.2 fesp&ttveiy-tt 5* if 
.' Ica P = ^J.- 9 ,* ]0 f' 7 ± 102 - 3 * 10 -3 Tespectg|ly^|:; : " * 
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receptor-c^ta1nin| solution was prepared; inflows : ||mf ? | 
^ o1) °f ^P MP %f| 2 >mg (2.6- pmol) of v * POPC H( i . e . : <an V ,j 
--^^proximately T: I 'mclar 'ratio of DMPC: POPC) and 2 mg W '' pSrol? • ' V 
^ 0PG • were ultrasonicated in l ml of 0.1 M KC1 . until the:- : 
T liS ??- Ution . became clear -; Th1s solution was mixed with 15 pgof the^ ^ 
" f-0> ' 5 7 HT 3 receptor (1 ; mg/ml , in 40 mM OPG and complex buffer -"A" is^ ^ 

Wl^l^: % lx ™ p} t » } -S> f the receptor-containing; solution^ \\ 

yfsyplaced in the feel 13 -After about 2 minutes, the cell' solut&n'^ fl 

l^|:i dn " t6d ste P? ise *^ the addition of small portions of, 
'^H^ ^' .^ F1 "^ y '^* h ^ solution was completely' repYace/liy'"' 
|| KCl.-^The;; r|sult1ngr layer was used for experiments ^ithYrif? #1 

h£ I^Sf " r S . t * m ° S ^ ^ l? 1 e 1 ifel n 9 , 1 e mo v e ^ , b ^ washing wi th 55 mM OGP^.^n .!; ^ 
HSi ?fei M ,19V: an ? • jf or ^?i, again usin 9 the ice-cooled . receptof J.. H 
■ 1 : r solution* The bilayer- Tipi d membrane thus formed has a receptor':^ 
•15 lipids molar ratio of >bout 1: 25,000. Its electrical properties 
Were similar to the BLM of Example 6, with a capacitance of about 
0.75 pF/cm 2 and a resistance of 0.5-1MQ per mm 2 sample. 
""For comparison, a J corresponding lipid bi layer without the" 
receptor protein was formed by completing the imperfect thiol ipid 
20 monolayer on the gold electrode with the corresponding pure 
phosphol ipid/detergent solution. 
• <n > Stimulation of the S-HT^ recenrnr h v 5-hvrirnv vtrv n f am i no 

50 pi portions of 5-HT solution "B" (20 uM 5-HT in 0.1 M KC1 ) 
were added successively to the layer with the incorporated 
25 receptor (still connected to the cell containing 500 pi of 
0.1MKC1). An interval of about 50 seconds was left between 
additions (the capacitive and the faradaic current reaching a 
constant value). The data obtained from two independent 
experiments are given in Table 2, together with 5-HT 
concentrations and volumes of 5-HT solution "B" added. When the 
concentration of 5-HT (agonist to the receptor) is increased in 
the surrounding aqueous environment, a typical saturation type 
behaviour is observed, i.e. first there is a change of the 
electrical properties with Increasing concentration of the 
35 agonist, and at a certain agonist concentration the capacitance 
and resistance of the membrane remain constant." 



30 



PCT/EP93/00976 



Bast Available Copy 
WO 93/21528 . \ ' f ^\ 

?f*|fe fH'f H'U-- ; ' • Y^llfe,, ' - 

U'W i:i:i; Th l)f^.il ri ^ n ^. was ' P^^i^^ta lipid layi'wiMfe |SI 
ff?? p ^ By f applying --S-HT in the 'samX .^nce^trati^^an^ ff^l 
" -before, no alterations of the ele^ctrlcaf >o P eHies Ihe^ure ^ " 
lipid layer were observed. . - ........ ....... 

-:i ' <"'> St1»H.tlnn Of the S-HTt r.md» hj , r f .- n . ]H 1 „ ,„ -|«- J" J 
^- t . The, .construction of the receptor-containing sys W'*w=V ' i - : 

performed as described above. Again, 500 M l of o I H KC1 was 
i P'«ed • in the: ■. measurement cell ■ but for stimulation 5 .^ a 
^o,ution,»c» of. 20 ,H '-Phen y ,b i g U an,d e . i another,agon ) st/,,„foJ ; |fci. 

H KC1 was used. The successively added volumes and the resuUinf ' 
t l-phenylb^uan1de.concentrations. as Sellias' the oBtainedtcuffenlJ lllf 
responses of ^experiments . are ^iven in Table 3. Ihe resets' % 
are similar to those of Table 2. • T" """ " : ";~:V ?'f£t: f|:^:f 
; The experimental results of Tabled and 3 show Wil ||Sf 
15 receptor is Incorporated 1n a gold-supported lipid biliy*e# 

preserving the capacity of the receptor to bind its agonists The ? 
binding activity occurs in the same agonist concentration range .' ) 
« observed in natural, biological' ceils: see for example '* " 
A.V. Maricq et al . , Science 254, 432-437 (1991) 
20 The sa M experiment was perform using 'the lipid bilayer 

wwnouc receptor. The values obtained for different \ 
1-Phenylb,guanide concentrations are given in Table 4. They show 

that thp rp^nnnco r\-f fh^ . .... 
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• 'i 1 au 1 tf H . I fl By 

that the response of the sensor without the receptor is much 
lower than in the presence of sensor-immobilised receptors 
<.v> Influence of TO ?PS-<nn „ antagonis t on^^r-a^. 
The supported lipid bilayer, containing the 5-HT, receptor 
was formed as described in <„>. Flrst , y> 5Q , ^ 
0.1 N KC1 was placed into the cell and the simulation performed 
as described in (ii) using the 5-hydroxytryptamine solution "B" 
Next, the system was washed with o.l M KC1 . and the measurement 
cell was refilled with 500 ul of a solution of ,0 nM ICS 205-930 

(a gift from Sandcz AG) in 0 1 M KM tk q , . 

" " 'he comDound has the 

formula (4): 
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^ of 700 pM 5-hydroxytryptamine 
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Finally,; ; r a mixture "D" 

hydrochloride and 10 nM -ICS >205-930 in 0.1 M KC1 -?fesHdded in 
S !"tl^ ?f^° n U, keeping _the. ICS .205-930., ..concentration 

C °?^iC 10 ^ M ; ^fter each addition, the .values ? of the 
. Ca ? aC ,?* 1 ftI 1" d * he faradaic currents were allowed to stabilize. 
Th f da ta||fo^ both experiments and the successively added volumes 
of the different solutions are given in Table 5. Here the 
CO " Ce " tr ti^ dependence of the binding of 5-HT to the receptor 
was tested in the absence and in the presence of the antagonist 
ICS 205-930. The antagonist used has a dissociation constant to 
the receptor of Kd-0.7 nM. The dissociation constants of th= 
agonists .used are in the range of Kd=0.5-1 pM . The different 
binding properties of the agonists versus the antagonists explain 
the results of the experiments listed in Table 5. The 5-HT 
concentration necessary for binding to the receptor in th* 
presence of 10 nM ICS 205-930 is about 40 times higher than in 
the absence of this antagonist. This demonstrates the ability of 
the receptor on the gold electrode not only to bind the agonists 
but also an antagonist. Thus. the receptor has been 
reconstituted into the supported lipid bi layer in a biologically 
active form. 

No alterations of the electrical properties of the lipid 
flayer, without receptor, were observed by applying ICS 205-930. 
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, .y :|J ' EXAMPLE R ' -vf^ : ■ . fifp- lift- . . 

^.i-*: ^Electroc hemical Measurements . ly^ V$:'&%, ■ 

" The working V elel:trbae was^ se^e^-oSl?% llall hoil%/^thf 



bottom of the cell by means of a rubber ,0-ring. The O-ring was 
31 IT**.' M n contact with the Insulating 800 >mjsi"f4;: layer and was -centred 
yyf- ^around the circular electrode in orderfnat^to touch it. ^|vf 

f C| r A 1arge geometrical area about cm 2 ) AgCl -coated Ag wire 

served as the counter/reference electroJe ^and ! was fixed aina 
i% de ^ ned distance , from the working |.electrode^ . The ^impedance";, 

"TO measurements were made using a two^channel lock-in fampl ifier' 
$j* kpfi^ |(EG&G model 5206) |at v W 120 Hz, applying!^ 17.5 W RMslto" iht, 

il; U^.q'. i8!" trochemica L." n k ; The real j; an ^ ]J*?* nar 7 parts ; ,|f l|h^ i 
.;4 ;l fersi ^ dan ^_.."f re ; ..obtained from thej currel^tin > phase t^a^ct 
' ■ component I farad T and 90° out of 'p^ase* : Ycapal'l ti ve ^ccl^onen?^ 

■ | 15 : I cap > w1tn the applied voltage, respectively.! These^ currents^ 
were measured on a 1 kn resistor in series ^with the electrode si 
:; . - The impedance and capacitance of the ^membrane layers, on the 

; gold electrodes were determined from the two" current components-," 

• x farad and ^ap* usin 9 a simplified model for the electrical 
20 behaviour of the membrane with the. membrane resistance 
~ R U 0 /I farad in parallel . to the : } membrane capacitance 
• C = I cap /(2*vU 0 >. ;f; - ■" ' 
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.. , . :/ v..; .. ... ..... 

Phospholipid 

sin •• . dppc : . I-;,: < 

C^fc. DMPC^; .,..4., 
-.15 ; POPC 



Thlollpld of 
Ex. 3 (n=2) 



0.72 ± 0.05 
.0.80 ± 6.02 
0.77 ± 0.02 



Thiol 1 pi d of r 
Ex. 1 fn^Vg - 

0.72 ± 0.01 . .. . 1 

0.80 ± ,0.01 ;^v: 

0.78 ±,0.03 , v . 



-jK.i.:jC.i^ ... Jfci'. dip i/ii, 

j- .?. 



; I ^-^I| Current responses during J receptor stimulation Jby 
20 ' 5-hydroxytryptannne. 
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cone. Experiment 1 Experiment 2 

of 5-HT lf ar =H I t 
■ ^arad v * C ap . 1 farad ^cap 
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.i^-* > ^ v .;- ; ,| : ^£LAIMSfc- ^r*:,r vV . .,. 
-1.; A b^ayer^lijndfi^ gold 
■recording surface. <2> a first lipid layer which i s an imperfect 
layer of a thiol! pi d which comprises ..the residue . of. two 
phospholipid molecules 1 i nked ; to c each end of a di sulphide (-S-S-) 
^group, . each .through, an oxyethyle^^CH^CH^ ; chain .which lu 
short enough to allow the thiol ip^to become anchored to the gold 
.surface by self-assembly, but >lpn^|^ugV to, trap an aqueous-layer 
between the gold surface and ; the ; bottom of the thiol Ipid layer, 
said thiol ipid* 'being attached H^he^old ' surface" ancHsaid 
Imperfect 1 averse ing completed b>|||phosphol Ipld^whlVh* provides 
an unattached' fluid phase at room .temperature , and (3) a second 
lipid layer of ; ptiosphbl 1pid. " ' £ |~£ J - T '"' ; *ff i' J 

2 - A sensor ^cording to Claim iJlvherel^ the thiollpid iV'of 
formulae (3): :. .i > • . 



OH 
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Rl-O-p^O 
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OH 

0-P-O-R 2 

I I 
(0 - CH 2 CH 2 ) ffl - S - S - (CH 2 ;CH 2 - 0) n 

" • • ■ • >?. ■ r : • 

wherein m and n are from 1 to 5 and r1 and r2 are the residues of 
phospholipid molecules. 

3. A sensor according to Claim 1 or 2, wherein the phospholipid 
used to complete the imperfect lajyer is a mixture of DMPC with 
POPC. 

4. A sensor according to Claim 3. wherein the mixture is from 
0.5: 1 to 1 : 1 .5 molar . 

5. A sensor according to Claim 1, 2. 3 or 4, wherein the first 
layer i s completed and the second layer formed by the same 
phosphol ipid. 

5. A sensor according to any preceding claim wherein a thin water 
layer i s trapped between the gold surface and the lipid of the 
"irs*; laver. 
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•-r-^-iP:' *&T<£*:'' -#^Yi'v?r; '-v^- 



^l| M * SenS °; aCC0 ^ 9 ilS ai T 6 ' wh ^ n »ater .lay e r ?ha S |l^ 
^ ^thickness of from .1 to 50^Angs thorns t-S.-'f.i- 4* i? 



' -r; — 



SenSor a «°'-<"nsi to any preceding claim" containing a naturSf** 
receptor protein within the lipid layers. 

:■ 5 9- A sensor according io Claim 8. wherein the receptor is'an ion ? l ! 
■' . , ; ;,? nan jel protein. :, , ■ ;:.yr ; j#. ; ; i- ■ -f' 

.' 'V " nSOr '"^b Claim 9. wherein^ receptor is' the^ 
• : | ; . ?J T 3 <? er °ton1n) receptor. , . :._ . <. 

,„»,- ''• A deV ' Ce c ° m P'-'5'> a'''sensor according to' c la1n> ' 8 . s or 10 1n' 
lO^t e form of a cell containing an aqueous" medium above the second' 
: Hi^}H^ e " an<! """^ f ° r »??t«t1ng a change, ^a P roperty;of«he5 
• Ikll I'?"* analyte which is an agonist or antagonist 

-fjf or -the natural receptor-pVotein ; ts added to the cell' ' A 4 * 
, 5 i ' 2 ' ^ device according to Claim n wherein the 'aqueous medium is' 

; rLll and ; the. property is electrical resistance or 

capacitance. 
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